Introduction
The atmospheric aerosol-forming potential of biogenic hydrocarbons was noted as early as 1960 [Went, 1960] 
Ambient Sampling and Analysis
The measurement site in Kejimkujik National Park (44026 ' N, 62ø12 ' W) is situated in the Atlantic province of Nova Scotia. The park is in a forest consisting of a mixture of twothirds coniferous and one-third deciduous trees [Bottenheim et al., 1994] . Ambient mixing ratios of ct-pinene and [•-pinene were determined on-line using a Hewlett-Packard GC/MS [Biesenthal et al., 1998 ]. Aerosol samples were collected in July, 1996 over a period of 2 to 3 days at a flow rate of 10 L min 'l on 47 mm quartz fiber filters. Since the aerosol samples were collected in a field campaign that did not include characterizing semivolatile organics as one of its goals, adequate sampling devices were not implemented to minimize Forest is located in Big Bear Valley (34ø13 ' N, 116ø49 ' W), CA, at an elevation of 2150 meters. Lodgepole pines, pinion pines, oaks, and Douglas firs are major tree species in this area. Hourly measurements of gas-phase monoterpenes were achieved by collecting 300 L of air on Tenax tubes, and were then analyzed by a Hewlett-Packard GC/MS following thermal desorption using a Tekmar AeroTrap Desorber 6000. Two types of aerosol sampling devices were deployed, one consisting of one or two denuders followed by a Teflon impregnated glass fiber filter, and the other one consisting of two 47 mm filters--a Teflon impregnated glass fiber filter followed by a glass fiber filter. Two sampling trains were set up for each type of sampling device. The sampling train with 
Results and Discussion

Identification of Monoterpene Oxidation Products
Oxidation products of c•-pinene and 13-pinene in the ambient samples were identified by comparing GC chromatograms and mass spectra of the ambient samples with those obtained from controlled chamber experiments. Table 1 lists the chemical structures of the monoterpene oxidation products observed. Established products from oxidation of c•-pinene and 13-pinene include pinic acid, norpinic acid, pinonaldehyde, norpinonaldehyde, hydroxy pinonaldehydes, pinonic acid, norpinonic acid, hydroxy pinonic acid, hydroxy pina ketones, and nopinone. An unidentified product (denoted X•), having two carbonyl groups and a molecular weight of 198 as determined from its EI and CI mass spectra, is observed in both laboratory generated aerosol in the c•-pinene/O3 system and ambient aerosols at both sites. Besides oxidation products derived from •-pinene and 13-pinene, a compound denoted X•_, detected in samples from both sites, is identified as a C9 dioxo mono-carboxylic acid, having a molecular weight of 186. Table 3 lists the mixing ratios of six monoterpenes and the concentrations of various monoterpene oxidation products detected in both the gas and aerosol phases in the San Bernardino National Forest of California. The denuder/filter set-up at this site allowed simultaneous determination of semi-volatile compounds in both gas and particulate phases.
Species collected by the denuder represent those in the gas phase. Denuder collection efficiencies for the products in Table 3 range from 0.88 to 1.0. Gas-phase concentrations as determined from denuder samples have been corrected for the denuder collection efficiency for each product. As evident in Table 3 , the monoterpene oxidation products at this site predominately exist in the gas phase. A number of oxidation products were detected solely in the gas phase due to either their high volatility (e.g. nopinone, hydroxy pina ketones, and norpinonaldehyde) or to such a low concentration in the air that the amount partitioned to the aerosol phase is below detection limit (e.g. norpinonic acid and hydroxy pinonic acid).
Comparison of filter samples in the presence and absence of a denuder in front of the sampling train indicates that the filter-only technique suffers a positive sampling artifact. Semivolatile products are also detected on the back filter in the filter-only set-up, which is evidence for filter adsorption of gaseous semivolatile organics. Concentrations obtained via the filter-only technique are 120%-137% higher than those obtained using the denuder/filter sampling device for b Quantified using the calibration factor and recovery for pinic acid.
• Quantified using the calibration factor and recovery for pinonic acid.
a Quantified using the calibration factor and recovery for 5-methylcyclohexane-1,3-dione.
e Not detectable. 
Conclusions
We have detected in two forest atmospheres a number of gas-and aerosol-phase products from oxidation of ot-pinene and 13-pinene, including pinic acid, norpinic acid, pinonic acid, norpinonic acid and its isomers, pinonaldehyde, norpinonaldehyde, hydroxy pinonaldehydes, hydroxy pinonic acid, and nopinone. In addition, a C9 dioxo carboxylic acid, detected at both sites, is postulated to be 3-acetyl-6-oxoheptanoic acid, a product expected from ozone oxidation of limonene. Identification of monoterpene oxidation products in aerosol samples serves as direct evidence for aerosol formation from monoterpenes under ambient conditions.
